Abstract. We predict the existence of a Griffiths phase in dielectrics with a concentrational crossover between dipole glass (electric analog of spin glass) and ferroelectricity. Particular representatives of the above substances are KTaO3:Li, Nb, Na, or relaxor ferroelectrics like Pb1−xLaxZr0.65Ti0.35O3. Since this phase exists above the ferroelectric phase-transition temperature (but below that temperature for ordered substances), we call it a "para-glass phase". We assert that the difference between paraelectric and paraglass phases in the above substances is the existence of clusters (inherent to the "ordinary" Griffiths phase of Ising magnets) of correlated dipoles. We show that randomness plays a decisive role in the Griffiths (para-glass) phase formation: this phase does not exist in a mean field approximation. To investigate the Griffiths phase properties, we calculate the density of Yang-Lee (YL) zeros in the partition function and find that it has "tails" inherent to the Griffiths phase in the above temperature interval. We perform calculations on the basis of our self-consistent equation for the long-range order parameter in an external electric field. This equation has been derived in the framework of the random field theory. The latter automatically incorporates both short-range (due to indirect interaction via transverse optical phonons of the host lattice) and long-range (ordinary dipole-dipole) interactions between impurity dipoles, so that the problem of long-range interaction considerations does not appear in it.
It was shown by Griffiths [1] that the free energy of a dilute Ising ferromagnet is a nonanalytic function of the external magnetic field for all temperatures between the critical value T c (x) (x is the concentration of lattice sites without Ising spins) and T c (1) of the corresponding nondilute system. The manifestation of nonanalyticity in the original article of Griffiths was the distribution of the zeros in the partition function Z (the Yang-Lee (YL) zeros) in the plane of complex magnetic fields H = iθ. Namely, below T c (1) YL-zeros appear arbitrarily close to the point H = 0, implying a zero radius of convergence for expansions of thermodynamic quantities in powers of H. The "visible sign" of such nonanalyticity is the appearance of a "tail" in the density of YL zeros ρ(θ) at T c (x) < T < T c (1).
Dielectric systems are, in many respects, different from magnetic ones. The main difference is that the main interaction in dielectrics is the long-range dipole-dipole interaction, whereas in magnets the latter is a small relativistic correction to the short-range exchange interaction. It was shown in [2] that the dipole-dipole interaction in disordered dielectrics does not prevent the occurrence of the aforementioned "tails" in ρ(θ) and thus to the realization of a Griffiths phase analog. a e-mail: stefcan@netscape.net
In the present paper we investigate the manifestation of a Griffiths phase in dielectrics, where both longrange ferroelectric order and dipole glass (say, "dielectric spin glass") phase can occur depending on the impuritydipole concentration. Particular representatives of such substances are KTaO 3 :Li, Nb, Na, where Li, Nb or Na, being off-center ions, constitute the impurity dipoles with a discrete number of permissible orientations in the host KTaO 3 matrix (see [3] for details). Other particular representatives of the aforementioned class of substances are relaxor ferroelectrics like Pb 1−x La x Zr 0.65 Ti 0.35 O 3 (PLZT), which can be considered as some reference phase (in the case of PLZT it is PbZr 0.65 Ti 0.35 O 3 having long-range ferroelectric order) "spoiled" by intrinsic defects of a different kind, playing the role of impurity dipoles (see [4] for details).
Although the description of these disordered dielectrics is still not complete at present, we suggested a so-called random local field method (see e.g. [5] and references therein) for their description. This method captures remarkably well the peculiarities of the physical properties of these substances, namely a concentrational crossover between ferroelectric and dipole glass phases, the existence of a mixed ferro-glass phase, and the nonexponential long-time relaxation in glass and ferro-glass phases [5] .
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In this method, we derive the equation for the longrange order parameter L. This equation was obtained selfconsistently through the distribution function of random fields acting between impurity dipoles (see [5] for details). The specific form of this equation depends on the particular number of orientations of the impurity dipoles in the host crystal matrix. For the simplest case of impurity dipoles with only two permissible orientations this equation has the form
where n is the concentration of impurities, f (E, L) is a distribution function of random fields (see e.g.
[5]), F 1 (ρ) is "responsible" for the dispersion of random fields, F 2 (ρ) for the mean value of the random field, K zz is a component of the tensor of interaction K αβ (r) (α, β = x, y, z, r is the interimpurity separation) between impurity dipoles in the highly polarizable dielectric host. The general form of K αβ reads (see e.g.
[6] and references therein)
where ε 0 is the host lattice's static dielectric permittivity, d * is the effective dipole moment of the impurity (see e.g. [3] ), r c is the host lattice's correlation radius (two impurities at a distance less than or equal to r c "feel" each other). The physical reason for the appearance of r c and the functions f 1 (x), f 2 (x) ∝ x 2 exp(−x) is the indirect interaction of impurity dipoles via the host lattice's soft phonon mode (see e.g. [6] and references therein). If the latter interaction is absent, we have r c → 0, f 1 (r/r c ), f 2 (r/r c ) → 0 so that (2) gives the ordinary dipole-dipole interaction. It is seen that interaction (2) incorporates both a long-range part (term (3m α m β −δ αβ )/r 3 ) and a short-range part (terms containing f 1 (x) and f 2 (x)). The explicit form of the functions f 1 and f 2 can be found in [4, 6] .
It can be shown (see e.g. [5] ) that at high impurity concentrations the distribution function of random fields has a Gaussian form. This form can be obtained from (1) by the expansion of the integrands in F 1,2 (ρ) up to first leading order. This gives
Since the case of a Gaussian distribution function implies the strongest (both long-range and short-range) interaction between impurity dipoles (and consequently their clusters) this case can be regarded as the most difficult for a Griffiths phase to occur. We shall demonstrate the manifestation of a Griffiths phase for this case with the understanding that for lower impurity dipole concentration the realization of a Griffiths phase is easier. The equation for the order parameter for a Gaussian distribution function takes the form
where E is an external electric field. We introduce the following dimensionless variables
With these variables, the equation for L takes the form
Integration over x in (6) gives
We shall investigate the Griffiths phase properties on the basis of equation (7). The equation for the phase transition temperature τ c can be obtained from (7) 
Equations (8, 9) determine the phase diagram of the system under consideration. It is shown in Figure 1 . The theorem of Yang and Lee states that the zeros of the partition function Z lie on the unit circle h = iθ
